Large-scale variation in mammalian body size has often been found to be related to environmental conditions. A general finding among large herbivores is that body size increases with decreasing temperature (Bergmann's rule), because animals with larger body size have better heat conservation or fasting tolerance, or because higher quality forage occurs in colder environments. Using a data set on the skeletal morphology of Norwegian red deer (Artiodactyla, Cervidae: Cervus elaphus) spanning the last approximately 7,100 years, we document an inverse relationship between climatic conditions and body size. The size of Norwegian red deer, as estimated from both teeth and weight-bearing bones, was significantly larger during the warmer and wetter middle Holocene than it is today. However, the reduction in body size does not seem to be related to changing climatic conditions. Rather, this decrease happened during a period of large-scale human-mediated habitat fragmentation, increased populations of domestic herbivores, and heavy hunting pressure that reduced population density. The size of teeth was reduced as much as, or even more than, the size of weight-bearing bones, which indicates an evolutionary response rather than phenotypic plasticity to changing forage and environmental conditions. Decreased body size may be a general response in wild ungulates to a more human-dominated landscape, resulting from reduced access to optimal habitats and high adult hunting mortality.
Trends in body sizes are traditionally explained by climatic conditions, with body size negatively related to environmental temperature, a phenomenon known as Bergmann's rule (Bergmann 1847; Mayr 1956; Millien et al. 2006; Watt et al. 2010) . Bergmann (1847) explained this pattern as a consequence of better heat conservation of large body sizes. Examples of gradients in body mass that follow this pattern include the size reduction of many mammals at the end of the last glacial cycle (Kurtén 1968; Davis 1981; Guthrie 1990 ) and a latitudinal trend in body sizes in many modern animals (Ashton et al. 2000; Rodríguez et al. 2006) . Future global warming is thus expected to cause a general reduction in animal body size (Gardner et al. 2011; Sheridan and Bickford 2011) .
Several alternative explanations have been proposed to explain variations in body size in relation to climate. Larger individuals are expected to have better energy storage in fat and muscle mass (Pond 1978) and can tolerate longer periods of fasting, for instance, during winter when food access is limited (Lindstedt and Boyce 1985) . The link between cold climate and body size can thus be related to higher survival for large individuals within a population (Festa-Bianchet et al. 1997; Loison et al. 1999) . Also, if hard winters limit the local density of animals, this may lead to decreased impact of environmental variation and reduced competition for food during the summer (Saether 1997; Coulson et al. 2001; Herfindal et al. 2006a) .
In large herbivores, body mass is closely related to primary production (McNab 2010; Huston and Wolverton 2011) . The production of available plant forage during the season of animal growth and reproduction is estimated to be on average highest in temperate regions between about 508 and 608 latitude w w w . m a m m a l o g y . o r g 626 (Geist 1987; Huston and Wolverton 2009) . However, the quality of the forage is assumed to increase with latitude due to short growing seasons and to be higher when summers are cold and short, because plants are less able to construct antiherbivore structures (Bliss 1962; Klein 1970; Deinum 1984; Bø and Hjeljord 1991) . The higher body mass in cold and seasonal environments has thus been suggested to be related to better access to high-quality forage in such areas (e.g., Langvatn and Albon 1986; Herfindal et al. 2006b ). Even small changes in plant quality can have large impact on body mass, growth, and development of herbivores because differences in quality are multiplied during the foraging process (White 1983) .
The red deer (Artiodactyla, Cervidae: Cervus elaphus) has been present in Europe for at least 400,000 years, during which time it experienced several large-scale environmental changes, likely involving genetic bottlenecks resulting from population reductions and fragmentation (Lister 1984; Sommer et al. 2008) . Skeletal measurements indicate that the average body size of red deer fluctuated through this time, being larger during glacial times and smaller during warmer interglacials, including the Holocene (Steele 2002) . Body mass in modern Norwegian red deer also also been found to increase from south to north and inland from the coast, with body mass negatively correlated with summer temperature and precipitation (Langvatn and Albon 1986) . In contrast, some skeletal measurements indicate that Norwegian red deer were larger than today during the early and middle Holocene (Brinkmann and Shetelig 1920; Ahlén 1965) , when the climate was warmer Seppä et al. 2009 ).
Body size in modern mammals is generally measured by body weight, a more plastic trait than skeletal size, because fat and muscle mass may vary on a seasonal basis or between years (Mysterud et al. 2001b (Mysterud et al. , 2002 Herfindal et al. 2006a) . Nevertheless, the size of both teeth and weight-bearing bones has been found to correlate with body mass in ungulates (Janis 1990; Scott 1990 ). However, tooth structure is more genetically determined (Bader 1965; Townsend and Brown 1978; Fortelius 1985) and strongly linked to feeding type (Janis 1990; Mendoza and Palmqvist 2008) , so size and shape of teeth are expected to change more slowly than those of weight-bearing bones. Different skeletal measurements may thus reflect variations in short-or long-term adaptations.
In addition to climate, humans have the ability to indirectly affect the body size of other animals through habitat fragmentation (Schmidt and Jensen 2003) , by altering foraging conditions (Loudon et al. 1984; Kuijper et al. 2009) , by eliminating or introducing predators and competitors (FestaBianchet 1988; Richard et al. 2010) , or more directly through harvesting (Proaktor et al. 2007; Allendorf and Hard 2009 ) and management actions (Mysterud 2010) . In order to predict future changes in body size, it is therefore important to acquire a long-term perspective on how both climate and humans have shaped present-day patterns in the body size of a species.
Here we explore middle to late Holocene variations in skeletal size of red deer in relation to changes in climate and human subsistence. We do this by examining modern specimens from Norway and subfossil remains from the Skipshelleren archaeological site in western Norway, thereby providing a time series of measurements spanning the last approximately 7,100 years. We investigate 20 different skeletal dimensions, but focus on changes in the size and shape of the lower 1st and 3rd molars and the astragalus. More specifically, we aim to answer the following questions: Have there been significant morphological changes in the skeleton of red deer during the last 7,100 years? If so, did the process of body size alteration occur rapidly in relation to any major environmental changes, or was it a slow and gradual change through time, reflecting long-term adaptations to a new environment? Are the changes isometric within and among different skeletal elements, especially between teeth and bones which are expected to differ in their rate of adaptive response to environmental change? The results may indicate to what extent ungulates may react morphologically to environmental change and which ultimate factors have been the most influential on a long-term scale in a highly dynamic landscape.
MATERIALS AND METHODS
Study area.-The main distribution of Norwegian red deer is currently along the coast and fjords west of the Scandes mountain range, with the densest populations between about 598N and 648N. The climate in western Norway is milder and wetter than in the rest of the country, and low-lying areas usually receive little snow during winter. Precipitation and temperature decline from south to north and toward the inland, whereas snow cover and depth increase over the same gradients (Moen 1999) . Lowland areas of western Norway generally have the longest vegetation growth season in the country, but a large part of the area is above the tree line, and the high-relief landscape includes a large variety of climates with annual temperatures ranging from À68C to 88C (Moen 1999) .
Bone material.-The prehistoric red deer bones were excavated in 1931 from the Skipshelleren archeological site in western Norway (Bøe 1934) and are stored and were analyzed at the University Museum of Bergen (site JS258). Skipshelleren is a rock shelter and an ancient human dwelling site situated by the Vikafjord in Hordaland County (about 60840 0 N, 05845 0 E), on the border between the modern boreonemoral and boreal vegetation zones (Moen 1999) and in the center of the current Norwegian red deer distribution. More than 10,600 skeletal remains of red deer have been identified, but the material is highly fragmented, which greatly reduces the number of accurately measurable specimens. Seven stratigraphic layers, with intervening transitional layers (Bøe 1934) , span the period approximately 7,500-1,800 calibrated years before present (cal. yr BP; i.e., AD 1950 -Rosvold et al. 2013 . The oldest layer contained no measurable specimens, and the 2 youngest layers cannot be differentiated based on 14 C dates and were pooled.
For our modern sample (see Appendix I), we measured teeth of 109 specimens and obtained postcranial measurements from 25 individuals. Modern material is from the University Museum of Bergen, the University Museum of the Norwegian University of Science and Technology, and the Norwegian Deer Centre at Svanøy. These originate from different areas along the coast of Norway up to the Trondheimsfjord and thus represent an average of modern populations. Most specimens were collected before 1970, that is, before the almost exponential population growth of red deer in Norway that started in the late 1970s (Langvatn 1998) . Because complete skeletons of red deer are rare, we supplemented this sample with bones of 9 females killed in traffic accidents or during the hunting season of 2010 and 2011.
Measurements and time aggregation.-Twenty variables (Table 1) were measured by JR using a digital sliding caliper and the median of 3 independent measurements. The mean coefficient of variation is less than 0.5%, indicating low measurement error. Tooth measurements follow Klein and Cruz-Uribe (1984) . Lengths and breadths of molars were measured at the base of the crown, which is not affected by tooth wear. Postcranial measurements follow von den Driesch (1976) , except for the greatest length of the lateral side of carpal II þ III, which was measured as shown in Supporting Information S1 (DOI: 10.1644/13-MAMM-A-231.S1). We excluded specimens showing malformations or signs of disease. In order to reduce the possible effect of size changes being due to differences in the age structure of the harvest, we used only bones with fused epiphyses, which mark the end of longitudinal bone growth. The astragalus and carpal II þ III lack epiphyses, but bones with a porous surface texture, typical of juveniles, were not included. Research on North American white-tailed deer (Odocoileus virginianus) shows that the astragalus matures within the 1st year of life (Purdue 1987) .
Measurements were pooled into 3 time groups: modern animals, middle Holocene, and late Holocene, based on stratigraphic age of samples given in Rosvold et al. (2013) . Middle Holocene samples (approximately 7,100-4,000 cal. yr BP) contain bones from layers 4-7, which represents the Holocene warm period (Nesje and Kvamme 1991; Bjune et al. 2005) . Late Holocene prehistoric samples (approximately 4,000-1,800 cal. yr BP) include bones from layers 1-3, representing colder and drier climatic conditions than the preceding period (Nesje and Kvamme 1991; Bjune et al. 2005) . We chose the 1st and 3rd lower molars (m1 and m3, respectively) and astragalus for a more fine-scale analysis (see below), using the dated layers as time points. All 3 elements have been found to correlate with body size in cervids (Purdue 1987; Janis 1990 ).
Age and sex structure.-In order to account for possible effects of changes in hunting selection, we provide a rough estimate of the sex and age structure of the material. The red deer is a sexually dimorphic species and possible changes in the mean size of bones through time could be an effect of changes in the sex ratio of the harvest or carcass transportation. To get an impression of possible changes in sex ratio between samples we counted the relative numbers of male versus female canines (D'Errico and Vanhaeren 2002) and pelvic fragments (Lie 1973; Greenfield 2006) , which were sexed based on their general morphology and use of a modern reference collection. After eruption, the teeth are gradually worn down during an animal's life and molar height should thus indicate an individual's age class (Nussey et al. 2007; Veiberg et al. 2007a) . Differences in crown heights may, however, also reflect changes in the amount of abrasives in the diet (Veiberg et al. 2007a ). Thus, in addition to crown heights, we also studied the relative number of fused versus unfused bones and sorted individuals into 4 age classes (older than 0.5, 1, 1.5, or 2.5 years) by using the fusion pattern of the epiphyses of humeri, phalanges, tibias, and metapodials, which fuse at different ages (Mariezkurrena 1983; Carden 2006) .
Fine-scale temporal changes in morphology.-The m1, m3, and astragalus were analyzed on a more fine-scale temporal resolution using the samples from the 10 dated stratigraphic layers and transitional layers (Rosvold et al. 2013 ) in addition to the modern bones. Each layer spans a certain time range, and we used the midpoint of each dated layer as the time point. We were particularly interested in whether any change in size or shape (length/breadth) was best described by a linear relationship, or if there was a threshold change in skeletal size after around 4,000 cal. yr BP, which corresponds to a climatic shift to colder conditions. Moreover, we wanted to assess to what extent modern samples differ from the changes predicted by our models of historic change.
Sample sizes of each skeletal element differ among layers in the bone assemblage from Skipshelleren, which can produce a fitted relationship biased toward those periods with the largest sample sizes. Analyses of the complete ancient data set and mean values for each prehistoric time period suggested that conclusions did not depend on the choice of methods, thus we present the results from the aggregated analyses, which we consider to be most conservative. The type of change (linear or threshold) in size and shape was analyzed using a linear To compare the size and shape of the modern skeletal elements with the prehistoric change, we predicted 95% confidence intervals from the fitted models based on a linear relationship, and we assessed whether current sizes (mean value) were outside this interval. Finally, we analyzed if the change between ancient and modern samples in length and breadth of teeth differed from the change in astragalus measurements. We had no a priori expectation whether the basal length or breadth of teeth should be linked to astragalus breadth or length, thus we tested teeth breadth and length against both astragalus measurements. The rate of change was analyzed by ln-transforming the measurements. A similar rate of change would imply that ln(ancient astragalus) À ln(modern astragalus) did not differ statistically significantly from ln(ancient teeth) À ln(modern teeth). We used all samples of m1, m3, and astragalus to assess whether the change in length and breadth of teeth between ancient and modern samples differed from the change in length and breadth of the astragalus.
RESULTS
Age and sex structure.-The relative numbers of male specimens indicates a male-biased harvest with 61% males in the late Holocene (n ¼ 72) and 64% males in the middle Holocene (n ¼ 44), which are not statistically different (Fisher's exact test, d.f. ¼ 1, P ¼ 0.844). These ratios are similar to the sex ratio of our modern samples of tooth measurements, but higher than that of the modern bone measurements. Therefore, we adjusted the sex ratio in our modern bone samples by subsampling randomly from the female samples to achieve a similar sex ratio.
The number of calves in the Skipshelleren assemblage was very low (Table 2) . Based on the fusion pattern of the epiphyses, there are no bones of animals younger than 1 year, except for the phalanx of a fetus. More than 75% of bones that start fusing at approximately 2.5þ years are fused in the prehistoric assemblage (Table 2 ). There might be slightly more young animals in the late Holocene samples, but the difference was not significant for any of the 4 age categories between the 2 prehistoric assemblages (Fisher's exact test, d.f. ¼ 1, respectively, P ¼ 1.0, P ¼ 1.0, P ¼ 0.1715, P ¼ 1.0). There were significant reductions in m3 crown heights (Fig. 1) between each pair of the 3 adjacent time periods (middle to late Holocene: t 86 ¼ À4.260, P , 0.001; late Holocene to modern: t 130 ¼À6.018, P , 0.001), but only between the late Holocene and modern samples for m1 (middle to late Holocene: t 108 ¼ À0.781, P ¼ 0.436; late Holocene to modern: t 171 ¼ À9.059, P , 0.001). This could indicate a lack of very old individuals in the prehistoric samples compared to the modern sample. However, not even the newly erupted unworn molars of modern animals reached the size of the large prehistoric samples, indicating that these changes may rather be due to a reduction in maximum crown height.
Morphological changes through time.-The analyses of the 3 temporal samples showed significant differences in all dimensions when comparing prehistoric with modern specimens (Table 3 ). The dimensions of modern samples averaged 6.6-14.8% smaller for bones and 10.8-14.8% smaller for teeth compared to average prehistoric samples from Skipshelleren. Apart from the metacarpus, which showed a fairly even decrease between periods, the largest decrease seemed to have happened during the last 2,000 cal. yr BP. There was a slight decrease in size between middle Holocene and late Holocene subfossil samples, but this was significant only for molar lengths, the premolar row, and the metacarpus. The carpal II þ III showed the largest decrease of the bones. This is a small dense bone with a comparable position in the foreleg that the astragalus occupies in the hind leg, but the carpal II þ III is not much studied, and its growth pattern is unknown. The sample sizes for many of the postcranial bones are, however, small, and differences between bones should thus be interpreted with caution. Seen as a whole, there were no large differences between the forelimbs and hind limbs in the rate of change.
The more fine-scale temporal analysis (Table 4 ; Fig. 2 ) revealed no significant change in the breadth of m1 and m3 during the approximately 5,300 years covered by the Skipshelleren material. On the other hand, the length of the molars showed a significant reduction over time, which is best described as a linear relationship rather than a threshold regression. There also was a significant change in the shape of m1, in which the relationship between length and breadth decreased over time. This relationship is best described by a threshold regression, but the difference in r 2 was quite small (r 2 for threshold regression: 0.566; r 2 for linear regression: 0.491). In contrast to the pattern for molars, the subfossil dimensions of astragali samples did not change through time in either of the measurements and did not show any significant change in shape. The modern samples of m1, m3, and astragali were significantly smaller than expected from the prehistoric relationship (i.e., the modern measurements are outside the predicted 95% confidence interval [ Fig. 2]) . However, the shape of the modern samples does not deviate from the shape predicted by the prehistoric samples (Fig. 2, lower panel) .
The rate of change between ancient and modern samples differed between astragali and molars ( Table 3) . The difference in length between modern and ancient molars was significantly greater (proportionally) than the difference in length between ancient and modern astragali (m1 t 296 ¼À4.46, P , 0.001; m3 t 264 ¼À2.68, P ¼ 0.008). Similar results also were found for the breadth of teeth compared to length of astragali (m1 t 223 ¼ À2.35, P ¼ 0.020; m3 t 205 ¼À2.08, P ¼ 0.039). However, only the change in m1 length differed significantly from the change in astragalus breadth (m1 length t 297 ¼ À2.99, P ¼ 0.003; m1 breadth t 224 ¼ À0.84, P ¼ 0.401; m3 length t 202 ¼ À1.20, P ¼ 0.233; m3 breadth t 362206 ¼À0.61, P ¼ 0.546). Within molars, the length of m1 changed significantly more than the length of m3 (t 426 ¼ 2.87, P ¼ 0.004), whereas the proportional change in breadth did not differ significantly between m1 and m3 (t 294 ¼ 0.30, P ¼ 0.765). This suggests that the largest morphometric changes between ancient and modern samples occurred in the length of m1, whereas the astragalus showed the smallest changes of the 3 skeletal elements.
Modern red deer are sexually dimorphic in size of the astragalus, and the smallest of the prehistoric specimens are the size of modern stags (Fig. 3) . Assuming that red deer were as sexually dimorphic in the past as today, the bivariate plot of astragalus measurements shows that the size of large modern stags is similar to that of small prehistoric hinds.
DISCUSSION
Climatic reconstructions from western Norway show a warm and wet middle Holocene, approximately 8,000-4,000 cal. yr BP, with summer temperatures up to approximately 28C higher and up to approximately 225% of modern winter precipitation . The warm climate prevented the formation of glaciers and may have caused more of the winter precipitation to fall as rain. The middle Holocene was followed by a generally cooler and drier climate lasting until today (Bjune 2005; Giesecke et al. 2008 ). Our results show that red deer in Norway were substantially larger during this warm period than today (Table 3; Figs. 2 and 3), which seems contrary to several of the hypotheses relating colder climate to larger body size (e.g., Bergmann 1847; Lindstedt and Boyce 1985) . Judging by most of the weight-bearing bones, this large size seems to have been relatively stable during the period approximately 7,100-1,800 cal. yr BP (Table 3 ; Fig. 2 ) despite the change in climatic conditions, indicating that climatic change had little effect upon the average skeletal size of the population. This is unexpected, but some have suggested that the topographically diverse landscape of western Norway may buffer red deer against climatic variations because of their ability to migrate in elevation (Mysterud et al. 2001a; Martínez-Jauregui et al. 2009) . A large reduction in size is, however, apparent between the late Holocene samples from Skipshelleren and modern red deer.
Our results show that the teeth decreased in size as much as, or even more than, weight-bearing bones (Table 3 ; Fig. 2 ). Contrary to most of the postcranial measurements, there was a linear size reduction in the molars over time within the material from Skipshelleren. This pattern could arise if postcranial bones had already undergone reduction in size before the start of the sampling period (7,100 cal. yr BP), whereas reduction in the teeth had lagged, and, in fact, there is some evidence for this. Red deer colonized western Norway from Sweden around 8,000 cal. yr BP (Rosvold et al. 2013) , and southern Scandinavian red deer show signs of body-size reduction in the early and middle Holocene (Ahlén 1965; Noe-Nygaard 1995; Eriksson and Magnell 2001) . Few data from these older Scandinavian sites are available for a direct comparison, but the astragali from Skipshelleren are shorter (but not narrower) than TABLE 4.-Parameter estimates (SD) of the models predicting size of ancient samples of molars (m1 and m3) and astragalus in relation to age of the sample. Linear regression fitted a linear relationship between the measure and age of the measure, where beta is the slope of the line. Threshold regression pooled ancient samples younger than 4,000 cal. yr BP to 1 class (late Holocene), and older samples to the middle Holocene class, and tested if there were significant differences in size measures between these 2 periods. Boldface type indicates that the beta or the late À middle Holocene difference was statistically significant (P , 0.05). n ¼ 8 historic periods for all models. Measurement acronyms are defined in Table 1 astragali from these older sites (Table 5) . As with the bones, the teeth appear to have decreased in size more rapidly during the last 2,000 years, and the length of the m1 decreased to an even greater extent than the length of bones during this period (Table 3 , Fig. 2 ). Studies indicate a strong genetic component to the size and shape of teeth (Bader 1965; Townsend and Brown 1978; Fortelius 1985) . Dwarfed mammals often retain large teeth relative to their body size (Gould 1975; Lister 1996) , although exceptions have been noted in some carnivores (e.g., Lyras et al. 2010) . The large reduction in tooth size might thus imply an increased selection for reduced size of the red deer rather than simply a plastic response to environmental change.
Around 4,500-4,000 cal. yr BP agriculture was established in western Norway (Hjelle et al. 2006; Høgestøl and Prøsch-Danielsen 2006) . Along with the colder and drier climate setting in around 4,000 cal. yr BP , agricultural practices led to a gradual opening up of the landscape and turned the previous dense broad-leaved forests into coastal heathlands and agricultural land (Kaland 1986; Hjelle et al. 2010) . Deforestation increased during the last 2 millennia BP, leading to a widespread loss of forests. Red deer are considered intermediate feeders, relying on both grazing and browsing. The oral morphology of grazers and browsers differs in that grazers generally have wider incisors, longer cheek teethrows, larger m3, and higher (more hypsodont) Table 4 ), where the thin lines show 95% confidence interval. Dotted lines are extrapolation of the relationship until the modern period. Dashed lines are the predicted relationship for the threshold regression (see Table 4 ). molars relative to their body size (Janis 1990; Pérez-Barberia and Gordon 2001) . Relatively larger teeth have been related to greater tooth wear and foraging on fibrous graminoids or in dustier, open environments (Veiberg et al. 2007a; Mendoza and Palmqvist 2008; Hummel et al. 2011) . Our results show an opposite pattern with reduced occlusal surface area of the cheek teeth (Table 3 ; Fig. 2 ) and a reduction in hypsodonty, especially of the m3 (Fig. 1) , indicating that the morphological changes were not an adaptation to foraging in a more open landscape.
Red deer prefer foraging in forest glades and meadows (Godvik et al. 2009; Kuijper et al. 2009 ), and early phases of forest clearance may thus have been positive for red deer by creating improved pastures in close proximity to shelter. Some degree of grazing by domestic herbivores also may facilitate foraging by red deer by enhancing regrowth and forage quality (Gordon 1988; Rhodes and Sharrow 1990) . However, improved forage conditions do not necessarily translate into increased body size. Abundant forage could result in higher population density, which in turn may reduce access to highquality resources through increased intraspecific competition (Skogland 1983; Mysterud et al. 2001c; Serrano et al. 2007 ). Domestic herbivores also may compete with red deer for food (Mysterud 2000; DeGabriel et al. 2011) , and a prolonged high density of both grazing and browsing livestock during the last 2,000 years is likely to have reduced foraging conditions for wild ungulates.
The populations of red deer in western Norway were likely to have been large until about 2,000 cal. yr BP, but a dramatic population decline started sometime between 2,000 and 1,000 cal. yr BP, causing significant genetic drift, reduced genetic diversity, and population fragmentation (Rosvold et al. 2012 (Rosvold et al. , 2013 . However, since about AD 1970 there has been an almost exponential population increase, likely due to changes in the agricultural systems that led to regrowth of forests and to modern hunting management practices (Langvatn 1998 of our modern samples are older than 1970 and should not have been affected by the current high densities. The population size reduction, however, occurred in the same period as the body size reduction, suggesting that environmental conditions were not good for red deer. As the most productive lands were cultivated and settled by humans (Overland and Hjelle 2009; Hjelle et al. 2010) , red deer were forced into poorer habitats. Long-term size-or sex-selective harvest (Coltman et al. 2003; Saether et al. 2003; Fenberg and Roy 2008) , or even just persistent high harvesting intensity (Proaktor et al. 2007; Bischof et al. 2008; Mysterud 2011) , also may have caused a decrease in body size and earlier age of maturation. Our estimate of the sex ratio of the prehistoric harvest indicates a relatively pronounced sexually biased harvest with . 60% males. This is high compared to ratios in modern European populations, which are generally female-biased, and it is slightly higher than the male proportion of around 56% in the current Norwegian regulated harvest regime (Milner et al. 2006) . Differences in sex ratio could likely influence variations in samples of deer between individual prehistoric strata, but the overall hunting pattern seems consistent through time and is likely not influencing the overall pattern. Genetic analyses also indicate no introduction of foreign red deer into western Norway that could have affected the body size (Rosvold et al. 2012) .
Overall, we find no evidence that the middle to late Holocene climatic cooling had any significant effects upon the morphology of red deer. On the contrary, the reduction in red deer body size happened during a period of large-scale human-mediated habitat alteration and fragmentation, increased populations of domestic herbivores, and heavy hunting. A smaller body size may reduce the potential for building up energy reserves, which can influence reproductive ability and mortality rates (Loison et al. 1999; Schultz and Conover 1999) . Also, reduced surface areas of cheek teeth have been found to correlate with increased chewing rate and decreased nutrient uptake (Pérez-Barberia and Gordon 1998), and lower crown heights may reduce the maximum life expectancy due to tooth wear (Veiberg et al. 2007b ). Combined with a reduced genetic diversity in the modern population (Rosvold et al. 2012) , the observed large reduction in body size may indicate that the last 2,000 years of human-mediated habitat alterations and harvest have somewhat reduced the capacity of the red deer to adapt to future environmental fluctuations. Similar late Holocene size decreases in red deer (Walvius 1961; Heinrich 1991; Vukicevic et al. 2006) , and other ungulates such as Swedish elk (Alces alces -Iregren 1985) , German roe deer (Capreolus capreolus-Heinrich 1991), German wild boar (Sus scrofa-Heinrich 1991), and Danish roe deer (Jensen 1991) , also have been documented in other parts of Europe. Reduction in body size may thus be a general response of large herbivores to a fragmented and human-dominated landscape. Our study highlights the importance of including human factors when predicting long-term responses in body size.
